Abstract-A general purpose vibration test system has been developed to provide a testing platform for electronic devices. This paper presents the design of the shaker table for the platform-testing base where an electronic device will be placed and excited by the vibration exciter. Three design models are first analyzed their natural frequencies and the corresponding mode shapes. The model with the lightest weight and the highest first natural frequency is then selected to be manufactured. This selected shaker stable can be used in a frequency range of service up to 2500 Hz and behaves as a rigid body when it vibrates. The maximum dimension of the electronic device that can be placed in the shaker 
I. INTRODUCTION
Electronic devices in automotive industries are usually placed in an environment where vibrations may influence their working performance. The vibrations could damage the structure or deteriorate the functionality of their performance. There are some research works have been done to assess endurance of electronic devices under vibration environment [1] , [2] , [3] . The works cover the assessment method and the instrumentation to conduct the endurance test. The vibration test, however depends on the test equipments. Using different equipments requires different setup and assessment approach.
Whenever an electronic device is installed in a vibration environment, then there should be a guarantee that it will work under such condition. It is therefore a vibration test prior to the installation will be very important to make sure the electronic device has a level vibration endurance. Users should be aware of this vibration specification. There are several types of vibration test systems. In regard to the vibration control and the generating signals, a fuzzy control can be used [4] or as a closed loop system [5] . The vibration direction can be one axis in horizontal, vertical or inclined axis [6] , and even multiple directions up to six axes [7] , [8] .
For a specific vibration test system for electronic computer devices with the dimensions not more than 15 cm x 15 cm square, a vibration testing system in Vibration Laboratory Universiti Tun Hussein Onn Malaysia (UTHM) has been designed [9] . The installation arrangement is depicted in Fig.  1 . The direction of the vibration is unidirectional vertical axis. The system as shown in Fig. 1 consists of an UCON integrated controller and 4-channel data acquisition system [10] , a set of Data Physics exciter system (vibration shaker and power amplifier with cooling unit) and a shaker table [11] . The integrated controller sends vibration signal definition and at the same time picks up vibration output from the shaker table and the test point at the electronic device. The signal obtained from the shaker table can be used as a feedback input for the signal correction in a closed loop control system, or as a controlled signal to see the accuracy of the generated input. The schematic setup diagram of the vibration test system is illustrated in Fig. 2 .
The vibration testing system is designed based on the diagram illustrated in Fig. 2 . The vibration of the shaker is defined in the vibration controller. The vibration from the shaker is then transmitted to the shaker table, which is attached on the diaphragm mounting located on the top of the shaker. Although the shaker table is designed to be rigid and transmit the vibration from the shaker, a feedback control should be used and send back to the controller for the automatic signal adjustment. For this purpose, an accelerometer is attached on the surface of the shaker table and sends the signal back to the controller. This is a close Shaker The response of the testing object (electronic device) is also recorded. The structural vibration behavior of the device can be examined. At the same time, the working functionality of the device can be monitored if an external functional testing system is attached to the device. The functional performance of the device can be monitored under severe vibration environment. The shaker table is designed to be the test platform where the testing object (electronic device) is attached on the table. The shaker is a light structure made of aluminum. As a surface platform, the table should behave as a rigid body to transmit vibration from the shaker to the testing object.
II. VIBRATION TESTING TYPES
There are several types of vibration testing can be defined from the controller: Random Test, Sine on Random, Random on Random, Sine and Random on Random, Shock Test, Shock Response Spectrum, Transient Time History Control, Road Simulation, Sine Sweep Test, and Resonance Search Track and Dwell (RSTD) Test [10] . The graphical illustration of the available tests is shown in Fig. 3 . 
III. SHAKER TABLE DESIGN AND ANALYSIS
The testing object (an electronic device) should be placed on the table surface as illustrated in Fig. 4 . During the vibration test, the testing surface of the table should always behave as a flat surface so the table transmits the vibration from the shaker to the object without any structural resonance. This condition should be achieved only if the table is a rigid body which does not deform. However, since the shaker table is made of Aluminium, this is always flexible and deforms when it vibrates. The structure starts vibrating in a flexible mode at the first natural frequency, which is the first occurrence of the structural resonance. This implies that the table behaves in a rigid mode only in the range of frequency from 0 Hz to the first natural frequency. Any vibration test should be conducted below the first natural frequency of the shaker table.
Considering the first natural frequency of the table determines the limitation of the frequency range, then the first natural frequency is the main criteria to select the table. The higher first natural frequency will be the better design as it provides a wider frequency range of service. Another consideration is the weight of the table. The lower weight of the table the higher weight of the test object can be placed on the table.
There are three initial designs of the shaker table: Model 1, Model 2 and Model 3. The main dimensions of these design models are identical, i.e. 20 cm x 20 cm table surface. The height of the table is 15 cm with 8 ribs. The structure of the rib is different in each model. The illustration of the three models is shown in Fig. 5 . Model 1 has sharp ribs connecting to the bottom main surface, while in Model 2 the ribs are not sharp but squared. As for Model 3, square stiffeners at the bottom of the main surface are added.
From the finite element analysis results [9] , the first natural frequency of each model is written in Table I . The first natural frequency of the first model (0.88 Kg) is 2587.5 Hz. The vibration mode is a membrane deformation of the surface. In model 2, the stiffness of the ribs are increased by changing the structure of the edges. It is expected to increase the membrane stiffness of the surface. However, this new rib design increases the mass of the structure resulting the decreased of the first natural frequency, from 2587.5 Hz. to 2384.2 Hz. Similar attempt in model 3, the additional stiffener at the bottom of the surface cannot shift the first natural frequency higher due to the additional mass of the
Considering the comparison results collated in Table I , model 1 has the highest frequency with the lightest mass. Model 1 can provide wider frequency coverage compared to other models. The frequency coverage specification that will be allowed using the shaker table model 1 is in the range of 0 Hz to 2587.5 Hz. For a safety reason, to make sure that vibration testing frequency is not close to its first resonance, then the frequency 2500 Hz is set as the highest frequency of the vibration test using this shaker table model 1. In model 1, if the vibration frequency testing is at 2587.5 Hz, the table resonates and the surface will have a circular membrane vibration, as illustrated in Fig. 6 . Unsymmetrical bending of the surface occurs at 2633.6 Hz (Fig. 7) , while half bending occurs at 2800.0 Hz (Fig. 8) .
These disturbing vibration deformations to the device object located on the surface will not happen as long as the vibration frequency is below 2500 Hz. The finished product of the shaker table manufactured from design model 1 is depicted in Fig. 9 . The center block and the surface are welded. All fixed attachments of ribs to the center block and the lower surface are glued with a mixture of epoxy and resin. This cold fixing technique is applied to avoid any material deformation due to high temperature welding that could affect the flatness of the surface. 
IV. VIBRATION TESTING LIMITATION
The testing limitation is mainly caused by the capacity of the vibration exciter (shaker) to provide the maximum acceleration. The installed shaker manufactured by the Data Physics [11] is able to provide acceleration up to maximum 93 g (≈900 m/s 2 ) with the maximum vertical load of 3 kg. The maximum velocity allowed is 1.5 m/s. The membrane of the shaker should not displace more than 5 mm.
Since the shaker table is 0.88 kg, the maximum of testing object is limited 2.12 kg and the attachment size is not more than 20 cm. For a safety reason, only 1.5 kg is allowed to be mounted on the shaker table. As for the attachment size, only an electronic device with maximum width of 15 cm allowed due to the space required for the clamping system.
To determine the general specification of the service coverage, a vibration relationships of acceleration stated in Eq. 1 is used. If a vibration test is performed at a constant displacement x , the maximum vibration frequency that will not exceed the maximum acceleration capacity of the shaker (≈900 m/s 2 ) can be calculated by:
where the frequency f is expressed in Hz and the displacement x is in mm. The calculated maximum frequencies on various displacements are collated in Table II . It can be seen that the maximum frequency decreases as the displacement increases. In vibration test with high displacement amplitudes, the maximum frequencies cannot be used since the shaker will reach the allowable velocity values (1.5 m/s).
In terms of velocity, the general expression of velocity can be written as: Considering Eq. 4, the maximum frequencies that will not exceed the allowable velocity of the shaker are shown in Table III . Since the vibration test should not exceed the maximum allowable velocity and acceleration, Table II and Table III should be all considered. Graphically, the allowable vibration test coverage in constant displacement is illustrated in Fig.  10 . After considering the shaker's requirements both the maximum acceleration and the maximum velocity, the frequency range summary for constant displacement vibration test can be found in Table IV . As an illustration, if a vibration test with constant displacement amplitude of 4mm will be performed, the vibration frequency should not be higher than 60 Hz. Another possibility in vibration test considers the acceleration instead of displacement. The vibration level is not defined by the displacement vibration amplitude but acceleration amplitude. The requirement that the shaker should not reach 1.5 m/s must be taken into consideration.
Combining Eq. 1 and Eq. 3, the velocity of the shaker can be calculated by:
Since the maximum allowable velocity is 1.5 m/s, the minimum frequency at acceleration level a can be determined by:
An illustration of displacement and velocity vibration amplitudes at vibration acceleration 900 m/s 2 is shown in Fig.   11 . The velocity chart shows that below 95.5 Hz the velocity amplitude will go beyond 1.5 m/s. This information says that when vibration test is conducted in acceleration level of 900 m/s 2 , the vibration test must not be performed below 95.5 Hz.
The illustration shown in Fig. 11 also shows that at low frequency the displacement could be very high. The vibrating membrane of the shaker will be broken if the displacement is too high. It is therefore the displacement is limited to 5 mm only.
The minimum frequency calculations must consider Eq. 6 and Eq. 2. The selected minimum frequency is the highest result calculated by Eq. 6 and Eq. 2, to satisfy that displacement should be less than 5mm and the velocity falls below 1.5 m/s.
It should also be noted that the vibration test should not be conducted above 2500 Hz since the shaker table cannot be used above 2500 Hz. Therefore, performing vibration test at acceleration amplitude level of 900 Hz the frequency range must be in between 95.5 Hz and 2500 Hz. The compiled calculation frequency range for various acceleration levels are documented in Table V. As for the sine sweep testing (constant displacement or constant acceleration), the frequency range of service will not be in the general range from 0 Hz to 2500 Hz, but depending on the constant setting value of the vibration amplitude level. This is due to the limitation of the shaker that the vibration acceleration and velocity are not exceeding 93 g and 1.5 m/s, respectively. The vibrating membrane of shaker should also not displace more than 5 mm.
The frequency range of in constant displacement vibration test is concluded in Table IV whereas in constant acceleration test, the service range follows the range written in Table V. 
